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Abstract: The use of land consolidation on customary lands has been limited, though land
fragmentation persists. Land fragmentation on customary lands has two main causes—the nature
of the customary land tenure system, and the somewhat linked agricultural system. Since attempts
to increase food productivity on customary lands have involved fertilisation and mechanisation on
the small and scattered farmlands, these approaches have fallen short of increasing food productivity.
A study to develop a responsible approach to land consolidation on customary lands using a design
research approach is undertaken and reported here. Based on a comparative study, it is found that three
factors inhibit the development of a responsible land consolidation approach on customary lands—the
coverage of a land administration system, a land valuation approach, and a land reallocation approach
the fits the customary land tenure system. To fill these gaps, firstly, this study developed the
participatory land administration that brought together traditional land administration approaches
with emerging bottom-up approaches, as well as technological advances that drive these approaches
together with the growing societal needs. Secondly, a valuation approach was developed to enable
the comparison of the farmlands in rural areas that are without land markets. Finally, a land
reallocation approach was developed based on the political, economic and social, as well as technical
and legal characteristics of rural customary farmlands. This study concludes that though the land
consolidation strategy developed is significantly able to reduce land fragmentation, both physical
and land tenure, the local customs are an obstruction to the technical processes to achieve the best
form of farmland structures.
Keywords: land consolidation; food productivity; land tenure; land administration; land reallocation;
land valuation
1. Introduction
Food security as a crucial global challenge has received much attention over the past two decades
from international bodies, particularly in relation to sub-Saharan Africa. The importance of food
security is highlighted by its elevation from a target of one of the Millennium Development Goals
(MDG 1c) to a Sustainable Development Goal (SDG 2). Food security is a multi-faceted agenda with
several dimensions. Achieving food security means tackling its four dimensions—food availability,
food accessibility, food utilisation, and food stability [1]. This study uses agricultural productivity,
a component of food availability, as the primary motivator.
The link between food security and agricultural productivity on the one hand and, land and
land administration on the other hand has been explored practically and theoretically. Theoretically,
Land 2019, 8, 161; doi:10.3390/land8110161 www.mdpi.com/journal/land
Land 2019, 8, 161 2 of 22
Bennet et al. [2] shows land administration as one of the support systems that lead to increased
food security, though it undermines it in some cases. Van der Molen [3] concludes that provision
of food security requires the growth of agricultural productivity. Statistically about 821 million people
in the world (10.9% of the world population) are undernourished [4]. This is more pronounced
in the sub-Saharan African (SSA) region, with 22.7% of the population (224.3 million people) being
undernourished [5]. However, even though Africa is estimated to contain 60% of the world’s
uncultivated land, it is estimated that 65% of Africa’s arable land is too damaged to sustain viable
food production [6]. This problem points to the need to effectively manage the remainder of the
arable land. The institutional and technical approaches to increasing agricultural productivity include,
but are not limited to land and water access, access to markets, land tenure security, better roads,
mechanisation, and use of fertilizers. However, one factor that is found to impede these institutional and
technical approaches to increase agricultural productivity, among others, is the fragmented structure
of farms [7–9]. In many cases land consolidation has been touted as an effective solution to land
fragmentation [10–12]. This study starts from the endpoint of several studies including Abubakari et al.,
Blarel et al., Makana, and Takane [13–16], which conclude that conventional approaches to land
consolidation are not viable on customary lands. These studies however stopped short of identifying
the factors needed to be considered in order to develop a land consolidation approach on customary
lands. A deeper analysis of specific cases was deemed necessary. Land consolidation procedures can
be generally grouped into three main stages—the administrative preparatory stage, inventory and
planning (technical) preparation stage, and the implementation stage [17,18]. This study focuses on the
inventory and planning stage, which involve the collection and/or updating of land tenure and spatial
information, the valuation of the farms and ancillary lands, and the preparation of the land reallocation
and other land consolidation works, as well as the appeals from stakeholders for the plans. This paper
summarises and synthesises the results of a study into the development of a responsible approach
to land consolidation on customary lands, using Ghana as a case. The following section provides
a background to the problem and breaks down the research objectives for the various components
of the research.
2. Land Fragmentation and Land Consolidation on Customary Lands—A Background
Land fragmentation is the dispersion of a single farm-holding into several distinct farmland parcels,
as well as a discrepancy between land use and ownership [19–21]. Land fragmentation can seriously
obstruct agricultural development as it negatively affects mechanisation and reduces productivity.
Two forms of land fragmentation are found to exist—physical and land tenure fragmentation. Physical
fragmentation is the spatial dispersion of farm parcels over a large area of land (also known as scattering)
and the division of farmland parcels into small near-unproductive parcels (sub-division) [7,11].
Land tenure fragmentation is a discrepancy between land use and ownership [21]. Blarel et al. [14]
and Netting [22] in studies focused on Ghana, Rwanda, and Switzerland however show that land
fragmentation has some positive impacts on farm productivity. McPherson [23] therefore groups
the causes of land fragmentation into two causes—supply-side and demand-side. The supply-side
causes suggest that land fragmentation is a result of external forces such as population growth
and cultural systems which may result in partible inheritance and land scarcity, as seen in most
of Western Europe [8]; and a change in government policy that results in a breakdown of common or
communal property systems, as in the cases of Central and Eastern Europe and Eastern Nigeria [24,25].
In general, supply-side causes of land fragmentation have largely resulted in negative social, economic,
and environmental impacts and outcomes. However, demand-side causes result from farmers’ choices,
due to the positive impacts and benefits they reap from land fragmentation [26].
Land fragmentation has always been prevalent in the agricultural system of customary lands,
however its articulation as a problem is a recent occurrence [27–29]. Despite this, recent studies
examining food productivity in customary lands rather focus on the mechanisation of farms and
fertilizer use than dealing with land fragmentation [30–34]. Land fragmentation on customary lands
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has two key causes—the customary land tenure (a supply-side cause), and the agricultural system
(a demand-side cause) [35].
Customary land is defined in several ways depending on the origins. However, there are three
fundamental elements. The first is that land is held on the basis of locally evolved native land
tenure; secondly, the basis of the land holding includes group and individual rights, with the former
superseding the latter; and thirdly, the mechanisms for obtaining, using, distributing and disseminating
these rights arise from accepted practices based on the group’s customs and traditions [36–38].
Customary lands may also be referred to as community lands, communal lands, indigenous lands,
traditional lands, among others [36,39–41]. Customary land tenure reflects the socio-cultural and
spiritual bonds among generations—the many who have passed on, the living few, and the countless
generation yet unborn. The basic tenet of customary land administration is that the current generation
is a mere caretaker of the land meant to protect it as the legacy of their ancestors and safeguard it for
the future generation [42].
The nature of customary land tenure systems, together with the changing agricultural system
of customary lands, also presents another key cause of land fragmentation [29,40]. Shifting cultivation,
the predominant agricultural system of customary lands, allows for the tilling of the farms one after
the other, gradually causing land fragmentation. The fragmentation of parcels is not a problem when
population and demand for food is low: The farmer is able to take advantage of the fragmented parcels
to deal with seasonal labour bottlenecks [43,44]. However, the increase in demand for food in urban
areas, in tandem with the supply of fertilizer, causes the adoption of more intensive agricultural systems
such as the annual cultivation and the multiple cropping farming systems which require simultaneous
cultivation of the farm parcels, intensive weeding and ploughing [45–47]. Higher returns to labour
offered by the industrial and service sectors, as against the farming sector, also substantially reduce
the available pool of labour that can be hired, resulting in the farm labour being determined by the
household size [44]. The labour shortage necessitates the adoption of large farm machinery, to keep up
with the increasing urban food demand, which is difficult with small, scattered farms. The simultaneous
farming of the fragmented parcels, use of rudimentary farming equipment, and application of fertilizer,
still results in a less optimum productivity than experienced with the shifting cultivation [46,48].
This makes it necessary to deal with the land fragmentation situation.
Land consolidation has been successfully used to curb land fragmentation and increase food
productivity, and further develop rural areas in Europe and to some extent in Asia [11,49]. However,
the majority of land consolidation attempts in customary lands in sub-Saharan Africa have either
failed or broken down the customary land tenure in the areas [16,33,50,51]. Despite the un-supportive
land tenure and agricultural systems, attempts were made at land consolidation, predicated on
the assumption that land consolidation was needed as an approach to developing the agricultural
sector [15,34,52]. Makana [15] notes that land consolidation yielded rather positive results on some
customary lands results in terms of increase in food production, though the customary land tenure
system in those areas broke as a result. The results advanced for the successes and the failures of these
land consolidation schemes include the nature of the participation of the parties involved, and the failure
to adapt the land consolidation scheme to the conditions of the customary lands [51,53]. Malawi and
Kenya provide examples. In Malawi, in the 1940s, although the colonial government successfully
consolidated 81,000 hectares of farmlands, complete with infrastructural improvements, the programme
still failed because it was solely run by the colonial government, without local participation, after being
prematurely rolled out without consideration for local factors and conditions [33]. Kenya’s land
consolidation, also started by the colonial government, led to the complete overhaul of the land
tenure system, to do away with the customary land tenure and replace it with individual titles as
a major objective. The colonial government saw the customary system as a militating factor against
the benefits of land consolidation and a well-functioning land market [50]. This notwithstanding,
the land consolidation planning was participatory, with the plans being drawn by the government
officials together with the clan elders. However, the last step of the plan was to grant individual titles,
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thus effectively ending the coverage of customary land in these areas. The most recent of the land
consolidation activities in sub-Saharan Africa is from Rwanda, which undertook a new form of land
use consolidation [54–56]. With the prime objective of increasing agricultural production, the reasoning
behind this is to be able to undertake a land consolidation programme that does not alter the land
tenure relations [57]. The success of the Rwandan Land Use Consolidation, and the failure of the land
consolidation approaches in Malawi and Kenya, coupled with the general sentiment towards some
requirements for consolidating lands across sub-Saharan Africa, shows the need to investigate the
knowledge gap between the development of land consolidation and customary lands with consideration
for the local societal context through using a responsible approach.
Responsible approaches and policies apply broadly to a paradigm shift from traditional,
and general approaches and policies to solving problems, to more societally and contextually
based approaches and policies. The term “responsible” was mostly used in government and
public administration circles to describe the system of accountability. Land consolidation as a land
development tool dwells within a broader context. The adoption of responsible approaches to land
consolidation is needed to be able to align the land consolidation approaches to the conditions that exist
on customary lands [26]. There is therefore the need to comparatively study the areas that have already
undertaken land consolidation on customary lands, to be able to identify their commonalities and
peculiarities before a responsible land consolidation approach for customary lands can be developed.
The technological advances in land administration that have paved the way for land administration
to be aligned to customary lands and used as an aid to combat the problem of inadequate land
information and the absence of land value. It is acknowledged that certain characteristics of customary
lands cause land fragmentation and that land fragmentation can be reduced by land consolidation.
However, attempts to undertake land consolidation on customary lands have largely failed in the face
of inadequate land administration processes on customary lands. There is therefore the need to adapt
responsible approaches to land consolidation. The concepts relating to the problems and associated
in knowledge gaps in the development of a responsible land consolidation process are summarised
in Figure 1.
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escalate t e occ rre ce of land fragmentation. It is also known that land fragmentation responds
to land consolidation. However, it is seen that land consolidation has not been operative on c sto ary
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lands. Therefore, to connect land consolidation with customary lands, it is necessary to improve the
inadequate land administration functions on customary lands that cannot support land consolidation.
The development of a responsible approach on customary lands took four steps; first the factors
that need to be addressed to develop a responsible land consolidation approach for customary lands
were explored. An approach for collecting land information to support responsible land consolidation
on customary lands was then developed and assessed. Furthermore, a land valuation approach
to support responsible land consolidation on customary lands was also developed, and the above
were applied to a process model for a land reallocation approach to support land consolidation on
customary lands.
3. Methodology and Research Approach
The choice of the research methodology is largely driven by the nature of the research problem,
the objectives, as well as the questions asked to reach the objectives. When the research seeks a method
that emphasizes the solving of problems through the combination of methods from different paradigms
that allow for the generalizable and quantifiable results by answering questions related to how much?
(qualitative methods), and those that allow for the rich and deep understanding of the situation,
answering questions related to the who, what, and how (qualitative method) related to information
systems, the design research is found to be most appropriate [58]. Design research is preferable
because it allows for the use of diverse research strategies needed when the research seeks to deal
with real world complexities. The design research is operationalized in five steps. First step is the
problem identification; second is understanding and agreement about the problem is generated;
thirdly, the options for the development of the system is explored and the system is developed; fourth,
the designed system is then implemented, and finally the implemented system is evaluated. The design
research methodology is summarized in Figure 2.
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Figure 2. The design research approach.
The first step requires the exploration of how land consolidation’s factors need to be addressed
on customary lands, encompassing the first two steps of the design research. A comparative case
study approach is adopted. In this vein, an analytical framework for understanding the reasons
different land consolidation strategies are developed and adopted or adapted in different contexts,
from existing literature, to form a scientific basis for the comparison. Using Van Dijk’s [59] model
of comparative analysis for cross-country exporting of knowledge, three countries with existing land
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consolidation strategies are selected, observed, and compared to Ghana’s rural customary lands.
This model is grounded in the reasoning that in transferring development and planning approaches
across international borders, it is necessary to understand how and why the approach was developed
in the original context. The goal of using this model is to first understand the local contexts, and then
to examine land consolidation factors and how they influenced the selection of the land consolidation
strategy. The selected countries included the Netherlands, Lithuania, and Rwanda. Data from the
Netherlands, Lithuania, Rwanda, and Ghana was collected through a document review—scientific
literature, government policies, laws, and technical reports; and supplemented with interviews with
land and agricultural sector officials, and farmers. In Ghana, further interviews were conducted with
the traditional authorities and local government leaders.
The second step used the experimental case study with a Living Lab approach. A Living Lab
is based on two main concepts—first is the involvement of users early in the innovative process,
and the second is experimentation in real-world settings, aimed at integrating the social structure and
governance, as well as user participation in the innovative process [60–62]. The stakeholders of the
experiment were identified, and the process of mapping and recording the land rights was developed
with the assistance of the Traditional Authority (the Nanton-Na and the family heads in the area),
the leaders of the Farmers’ Association of the area and the Lands Commission. Two technologies were
adopted for the experiment—a smartphone app and satellite imagery. The smartphone app used was
Esri’s Collector for ArcGIS. The satellite image was a February 2016 GeoEye-1 satellite image of the area
of interest was freely acquired from DigitalGlobe Foundation, and printed at a scale of 1:4000, which is
within the range of scales recommended by Byamugisha et al. [63] for mapping rural agricultural land
parcels with medium density.
The third step developed a valuation approach for land consolidation. Here, the multiple attribute
decision-making (MADM) method is used based on the general land valuation approach. MADM
methods are flexible and can be adapted with ease to the development of indices being represented
by a set of parameters, where the aim is to evaluate an object compared to a standard for which the
application is concerned. In the case of this study, the standard is the most appropriate land parcel for
farming. This approach is used because it is about to achieve quid pro quo values that can be used for
land consolidation.
The fourth step is achieved using the process modelling method that details the steps of the
approach taking into consideration the social, economic, cultural, technical, and political considerations
on customary lands. The process model developed in this paper is a meso-micro-level procedural
model. The meso-micro-level procedural model conveys best practices intended to guide real-world
situations by providing prescriptive guidelines for a design and/or problem-solving activity with
a focus on individual steps as well as end to end flows of the activity, where each step establishes
objectives, and constraints for the next, with feedback loops between the steps for the possibility
to re-work undesirable outcomes.
4. Overview of Study Area and a Background on Ghana’s Customary Lands
The study focuses on Ghana, an agriculturally dominant country. The choice of Ghana is made
because it is one of the two countries that undertook efforts to adopt customary land tenure laws
that were derived from an African angle, expend state influence out into the customary domain and
strengthening the governance structures already in place right after independence [64,65]. The other
country is Botswana. However, compared to Ghana, Botswana has a low land productivity that can still
be improved and is one of Africa’s smallest agricultural economies [66]. About 49% of the population
of Ghana lives in rural areas, with 45% of the country’s labour population (15 years and above) being
engaged in agriculture [67]. Agriculture contributes to 54% of the Ghana’s gross domestic product,
and accounts for over 40% of its export earnings, whilst at the same time providing over 90% of the
food needs of the country. Out of the 258,539 km sq. area that Ghana covers, 57% is classified as
agricultural land area.
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Customary lands are recognized by the 1992 Constitution of Ghana (Article 38) and cover 80%
of the lands in Ghana with the remaining 20% being public lands vested in the President in trust for
the people of Ghana [68]. The main interests in customary land tenure that relate to farming are the
Allodial Title, the Customary Law Freehold or Usufructuary interest, and Tenancy (Figure 3) [37,69,70].
The allodial title is held by the community and managed by its leaders under customary law, free from
any restrictions and obligations, except such imposed by the laws of Ghana. The allodial interest
cannot be transferred as this is restricted by the 1992 Constitution of Ghana and the customs, and it is
exclusive to the community or tribe that holds the rights. The Usufructuary interest is exercised by
individual members of a community to take possession of vacant land of which the community is the
allodial owner subject to certain restrictions and obligations, upon payment of nominal consideration
or free of charge [42]. The Usufructuary interest is transferable within the allodial land owning group
under certain strict circumstances. The Tenancy can be acquired by any person, indigene or otherwise,
based on specific prior agreed terms, usually share cropping or an annual payment, usually for
a term of one farming season. The tenant holds the land for the term exclusively, but subject to rules
of the allodial title holder and/or the usufruct and cannot transfer his rights without the consent and
concurrence of the landlord. Although the modes of acquiring the Usufructuary interest include the
clearing of an unencumbered land followed by uninterrupted settlement, or as a gift or purchase;
inheritance is currently the most common means of land acquisition [37]. The Usufructuary interest is
held in perpetuity except for situations of abandonment, forfeiture, or want of successor; in which case,
the land reverts to the allodial title holder [42,71]. The nature of the Usufructuary interest restricts
farmers from expanding, as contiguous parcels’ holders are unwilling to sell their parcels in order
to hold the land for the future generations. This causes land fragmentation because to expand their
operations, farmers move to parcels further away from their primary parcels.
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i in Ghan varies according to the seven agro-ecological zones—the rainforest, deciduous
forest, semi-d ciduous, transition and the savanna zones (Guinea, Sudan, and Co stal) (Figure 4).
In the forest zon s, plantation and tree crops such as c coa, oil palm, c ffee and rubber are pre-domin nt.
Th savannah and transition zones are characterized mostly by annual crops such s maize, roots,
sorghum, and cowpea. In terms of rai , the forest d coastal avannah areas have bimod l rainy
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season, giving rise to two farming seasons per year—a major and a minor farming season. In the
Guinea and Sudan savannah, and transition zones, there is one rainy season.
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This study is conducted in a farming community in one of the savannah zones of Ghana.
These areas were chosen for two reasons. The first relates to the agro-ecological characteristics of the
area. The savannah areas are characterized by tall grasses and a few trees (mostly shea, acacia, baobab,
and mango) dotting the landscape. These conditions are favourable for the use of GNSS in this
study, as the absence of tree cover will reduce the likelihood of multipath errors when using GNSS.
The second reason relates to the tree crops grown. The growing of annual crops allows a certain
amount of flexibility when dealing with the manipulation of farmland parcel arrangements. The area
used for this study, Nanton is in the Guinea savannah agro-ecological zone, with the land tenure being
held on the basis of the skin lands.
5. Outcomes of the Aspects of Responsible Land Consolidation
This section outlines the main results of the project, according to the research objectives. The results
have been summarised in Figure 5 with respect to the gaps in relationships between the concepts
shown in Section 2.
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5.1. Factors that Influence the Selection and Development of a Responsible Land Consolidation Approach
To identify how local factors, affect the selection of a land consolidation approach, three countries
with contemporary land consolidation approaches were identified—the Netherlands, Lithuania,
and Rwanda. The Netherlands was found to have land consolidation approaches that have evolved
over five centuries, from Voluntary Land Exchange, to Land consolidation by agreement and Land
Development. Lithuania has developed the Voluntary and Simple Land Consolidation over the past
fifteen years, and Rwanda developed its own form of land consolidation, the land use consolidation
in 2008. A harmonisation of the land consolidation approaches in these three countries shows that
generalising the development of land consolidation approaches in a continuum from simple and
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voluntary approaches to comprehensive and compulsory approaches, as is done in certain studies,
based on the development level of the locality, does not result in development of a responsible land
consolidation strategy, but the local needs and societal makeup is key in the selection of the land
consolidation approach. The results showed five key areas around which the development of the
land consolidation approaches centre—the government support for and role in land management
activities; the land market and land mobility; land tenure, land fragmentation and farming technology;
the coverage of a land information system, as well as environmental and ecological considerations.
Comparing these influences, it was found that the state of the economy, the type of land
fragmentation, ecological considerations, and the level of farming technology in Ghana was similar
to at least one of the countries with an existing land consolidation approach. The conditions that
did not bear any similarities with existing land consolidation strategies were the low influence of the
government in land management activities, the absence of a land market, the inadequate coverage
of a supportive land information system, and the customary land tenure. However, it was found that
the conditions that did not adequately match the countries with existing land consolidation approaches
require a substantial change to the social, economic, and cultural structure of the communities,
in order to align them with the existing approaches. These conditions therefore require innovative and
responsible interventions to enable response to the requirements of land consolidation. The detailed
results of this objective may be found in Asiama et al. [35].
5.2. Participatory Land Administration: An Approach to Collecting Land Information
Land administration processes in Ghana have been found to be slow and expensive in relation
to the urgency of the results, and out of reach of most of the citizens. Furthermore, they have failed
to integrate all forms of land tenure arrangements especially secondary and customary land rights.
It was found that the innovative approaches to land administration on customary lands in Ghana which
include the systematic titling by the Millennium Development Authority, the Paralegal Titling Project
and the Community-based Land Survey Tool, all had the same problem of being slow, expensive,
and concentrated in urban areas and on large-scale farms. Here, participatory land administration
(PLA) that sits at the nexus of the drivers of technological innovation and approaches to development
studies; where traditional land administration approaches, deeply rooted in western views, together
with bottom-up emerging approaches that challenge traditional approaches, as well as technological
advances that drive these approaches together with the growing societal needs.
The experiment into PLA in Nanton, Ghana was assessed in terms of reliability, affordability,
local participation, and attainability. In terms of reliability, it was found that both technologies,
the smartphone app and satellite image were easy for the farmers to use, as the majority of them were
users of smartphones. The accuracy of the mobile app ranged between 1 and 3 m, which even though
it is not adequate for the land title registration in Ghana, is enough for the recording of land rights
in rural areas. No boundary disputes were encountered. The mobile app was further able to capture all
230 farmland parcels in the area, though the identification on the satellite yielded 143 parcels (Figure 6).
The former was further able to identify and collect information on all the customary land rights that
are related to farming. In terms of affordability, the two technologies used together are found to be
cheaper to use than the current approaches on customary lands. Whereas the current conventional and
innovative approaches in Ghana cost at least GH¢ 500 (EUR 125) and GH¢ 200 (EUR 20) per parcel,
this approach is estimated to cost GH¢ 36.83 (EUR 9.24) per parcel. This cost will reduce with scaling
up. In terms of local participation, it was found that the local people were involved in every step
of the approach. This according to them gave them a sense of ownership of the data and the process.
The involvement of the Trusted Intermediaries further created a layer of check for the information
collected. In terms of attainability, the experiment took 10 working days, roughly 20 minutes per parcel.
This would however reduce when the interviews and focus group discussions for the assessment of the
process is excluded. The process is therefore fast. The use of locally acquired and accessible materials
further boosted the ability of the local people to replicate the process.
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5.3. Valuation of Farmlands for Land Consolidation
Land value is not explicit o rural customary lands, mostly beca se the social, cultural, and spiritual
bonds with land inhibit the free operation of a land market. Land realloc tion in land cons lidation
relies on land valuation to describe and assign a v lue to the farmland that will be reflective of the
farmers’ perception of their farmland values. The traditional valuation approaches, including the
cost, inv stmen , and comparative methods, are used to value cust mary lands. However, in rural
areas, it is found that even though the sales of land are very uncommon and unlikely, where l nd is
rented out, the money that exchanges hands is a flat rate that is charg d regardles of nature of the
farmland arcel.
There are two approaches to land valu tion in land consolidation—the agronomic value, with its
basis being the soil prod ctivity and quality, a the market value. Alternatively, market value has
been touted as the better approach with studies pointing out the deficiencies in the agronomic value
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approach. However, the market value approach cannot be used in sub-Saharan Africa’s customary
lands due to the limited land market. Here, a framework was developed for an approach for
assigning values to customary rural farmland parcels that reflects the local people’s view of land
value. Land value indices are used here instead of scores to allow for continuous values in comparison
instead of discrete values through a flexible and content-specific approach that allows replication
in other contexts. The approach is knowledge-based, using local and expert judgement through value
functions. LVIs measures how far land value factors LVFs), that influence land value, deviate from
the most suitable farming conditions, here denoted as one, or the worst, here being zero. To identify
and understand the factors that affect farm-land value on rural customary lands, the factors found
in previous studies relating to the valuation of other types of land were identified. The LVFs are first
assigned scores through a quantitative method for the continuous variables, or a categorical rating
method for discrete variables using the appropriate ordinal scale. These scores are derived from expert
and local judgement. The scores of the factors were standardized using the direct value rating to allow
for comparison on the scale.
The land value index (LVI) for each parcel is calculated by multiplying the standardised score
of each factor (Sfp) by the corresponding weight of the factor (Wf), and summing for each farmland




S f pW f (1)
It was found in the case study of Nanton that key land value factors that determine land values
relate to the physical attributes, legal conditions, agricultural productivity, locational factors, and the
planning scheme of the farmland parcels (Figure 7). These factors were weighted by the local community
according to their perception of what affected their choice of farmland parcels. The weights were
integrated into the framework that produced the land value index (LVI) for each land parcel in the
area of study. The results showed that in a scenario analysis, a change in weights affected the land
value indices at a scale that could change the comparative basis of the land parcels. The sensitivity
analysis however showed that the LVIs were not significantly sensitive to the changes in the weight
of the factors. However, a prime weakness of this framework is that it is more expensive to use than
automatic valuation models. The results demonstrate that it is possible to place relative quid pro quo
values on rural agricultural farmlands that are not part of a land market. These quid pro quo values
will serve as a basis for the reallocation of the farmland parcels. The detailed results of this objective
may be found in Asiama et al. [73].
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5.4. Land Reallocation for Customary Lands
The results of the previous two sections were synthesised to develop the framework of a land
reallocation model. Land reallocation is seen as the most important stage in the land consolidation
process, where property rights are exchanged, and farmland parcels are redistributed and reorganised.
A model of land reallocation should therefore consider all related land information (spatial, rights,
and value) and the wishes of the involv d land holders. The framework for the model is developed
us ng a proc ss model taking into considerati n the social, economic, cultural, technical, and political
considerations on customary lands, through the steps of analysis, synthesis, nd evaluation.
The u dertaking of land reallocation generally has three key requirements and considerations.
Politically, land reallocation requires a mediating authority to act as an arbitrating force during the
planning and implementation, because of the disputes that land reallocation may spark. Similar to land
consolidation in general, land reallocation also requires a level of land mobility that will allow for
the exchange of farmland parcels, in this case related to social land mobility, i.e., land mobility based
on the social and cultural norms in the community. The development of a land reallocation model
further requires a consideration for the land tenure system and the land fragmentation situation.
Customary lands characteristics that are relevant to land reallocation relate to the rules that relate to the
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transfer of land between two parties. Here, even though it is generally accepted that customary lands
cannot be transferred, it is found that customary land tenure rules do indeed allow for the transfer
of land, but with strict restrictions. The framework of the land reallocation model is built around the
legal and technical aspects of land reallocation, taking into consideration the levels of landholding
(individual, family/clan, village, etc.). The framework for the land reallocation is focused on the family
level as Section 5.1 shows that transfer of lands within families involves only the individuals concerned.
However, where land is transferred outside the family, it requires the consent of the two families.
Figure 8 below shows the flowchart of the land reallocation framework.
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t e model framework was applied to the rea of interest, it was found t at physical
land fragmentation was significantly r uced, with a reduction in the number of farmland parcels,
an incr ase in the parcel sizes, a reductio in the land tenure fragmentation, a increased accessibili y
to key lines of transportation, and slight improv me t in the parcel shapes in th area, even though
thi was not goal of the approac . The most a propriate central mediating au hority in the area
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was found to be the traditional authority in the area, much different from the other areas in the world
where land re-allocation has been done. Figure 9 shows a change detection map of the area of interest
before and after the land reallocation. Table 1 also summarises the effects of the land reallocation.
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ver, the study further showed that land tenure fragmentation would be re uced with the
application of the approach. With regards to the land reallocation between families, it was found that
the developed approach could not handle this as the local people were vehemently against families
parting with their sub-allodial interests in land, even when it is swapped for a similar parcel of land.
The only seeming solution was to rent out the family land to serve the purposes of re-allocation.
However, although this would reduce the physical land fragmentation, the land tenure fragmentation
would worsen. The detailed results of this objective may be found in Asiama et al. [74].
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Table 1. Summary of the effect of the approach of the land reallocation.
Category Initial Final
Number of individual farmland parcels in area of interest 230 Parcels 130 Parcels
Number of Farmers in the area of interest 95 Farmers 95 Farmers
Average number of farmland parcels per Farmer 2.4 Parcels 1.37 Parcels
Number of Family Lands 42 Farm holdings 42 Farm holdings
Average number of farmland parcels per Family 5.4 Parcels 3.1 Parcels
Area of largest farmland parcel 10.79 Hectares 10.79 Hectares
Area of smallest farmland parcel 0.07 Hectares 0.22 Hectares
Average farmland parcel size 1.25 Hectares 2.20 Hectares
Standard deviation of farmland parcel areas 1.08 1.68
Maximum Parcel Shape Index 1.0 1.0
Minimum Parcel Shape Index 0.00 0.02
Average Parcel Shape Index 0.66 0.76
6. Synthesis and Discussion of Results
This section synthesises the results from the four standalone research results summarised in the
previous section and discusses the implication of the results to current land consolidation strategies,
to land and food policy formulation and implementation, meeting other societal challenges and needs,
and to the study area of Ghana.
6.1. To Current Land Consolidation Strategies
As shown in the different sections, land management activities are very much dependent on
the local context in which they are being applied. However, there is very little literature on the
considerations for the transfer of land management activities into other areas. This work, using land
consolidation as a land management activity, explores the factors that must be considered and how
to achieve those factors when transferring the processes to Ghana’s rural customary lands. This is
important because even though the problems in two areas may be similar, the response to those
problems may differ, as shown in Section 5.1, and therefore need comparative analysis. The results
in this work further contribute to the literature and scientific knowledge on how land management
activities could be transferred from one part of the world to another, in this case from western countries
to sub-Saharan Africa. Thus, building upon the works of Masser and Williams [75], and Van Dijk [59],
where the latter explored the transfer of land consolidation knowledge from Western Europe to Eastern
and Central Europe.
This work further builds upon other works in land consolidation such as Hartvigsen [25] and
Van Dijk [8] that looked at the land consolidation approaches and policies in Central and Eastern
Europe viz-a-viz Western Europe at a macro-level, and Demetriou [17] who looks at the development
of systems to support the undertaking of the individual stages of land consolidation at a micro level.
These three studies however dwell on areas with already existing and functioning land administration
systems. Hence a lot of core and key steps of land administration functions in land consolidation
are not considered. This study is developed in three steps—a land administration process, a land
valuation approach, and a land reallocation model, contributing to the scientific knowledge of land
consolidation at a micro-level (Figure 2). All these three steps exist in literature, the difficulty in using
them elsewhere stems from the inadequacy of a general framework for all of them that can be adapted
to a local context. This is because each of these three processes are developed to fit a particular local and
legal context. In this work, the general requirements and processes for each approach were explored
and defined, before the case specific adjustments were developed. This means that some processes had
to be deconstructed as they assume certain minimum characteristics in the conventional approaches
such as land mobility and a land market which did not exist. In this regard, the processes developed
in this work can be applied to any area, with consideration for the local context. This work therefore
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contributed the knowledge of developing general processes for land administration processes that are
needed to support land consolidation.
6.2. To Land and Food Policy Formulation and Implementation
Policies form one of the bases for land management (the other two being Land Information
Infrastructures and country context) [76]. The results in Section 5.2 demonstrated the inability
of the collected land information to support land management activities for sustainable development.
The need for land policies to consider the gap between land information collection or the building
of a cadastre on the one hand and sustainable development on the other, is shown in that section.
The results show that merely collecting land information is not enough, but the land information should
be meant for a particular purpose. Such an approach as collecting land information is not immediately
obvious when looking at western countries, however, it is more obvious with SSA countries. Therefore,
this work can help with the formulation and improvement of land policies to re-orient them towards
gearing land information to land management activities to support sustainable development.
The formulation of food and agricultural policy can also be influenced by the results of this work.
As shown in Section 5.1, policies on increasing food productivity focused mostly on mechanisation
and fertilisation, rather than looking at land availability, the size of farmland parcels, and the land
tenure security of farmers. The result in Section 5.4, describes the framework for the land reallocation
model and its application in a case area, shows how the application of the approach can be applied
to increase the size of the farmland parcels and reduce the fragmentation of land tenure. This research
therefore enriches the need for a stronger link between food policy and land, especially in terms
of food productivity.
6.3. To Other Societal Challenges and Needs
Societal challenges such as climate change adaptation, poverty alleviation, food security, post conflict
nation building, and tenure security have a land footprint. Land has been viewed as a key driver for
sustainable development. Therefore, its effective management will contribute to meet the aforementioned
challenges and needs towards sustainable development. Though the focus of this research is on food
security, and more specifically food productivity, the findings can further impact on the other societal
challenges and needs.
The results show the development of innovative land administration processes that may assist
in land management activities that are geared towards meeting the identified societal needs and
challenges. In Section 5.2, the participatory land administration (PLA) approach developed can be used
to collect land information to support other activities, such as large-scale land acquisitions, disaster risk
management, and post conflict nation building, with the goal of land tenure security. PLA may
also aid with economic and infrastructure development and increasing investments in property by
providing land documents to aid in the procurement of loans for property investments within the legal
framework. This further contributes to food security, as farmers are more likely to invest in their farms
when they are more tenure secure. In Section 5.3, the land valuation approach developed does not only
apply to rural customary lands and land consolidation. This land valuation approach is applicable
for large-scale land acquisitions, by the government or by private entities, especially in areas without
land markets. This will ensure that the values arrived at bear close resemblance to the market value.
Furthermore, the land valuation approach may be used by the government for the fair assessment
of taxes and the payment of fair and adequate compensation for compulsory land acquisition.
6.4. To the Study Area of Ghana
The three areas of interest selected in Ghana were based on the agro-ecological characteristics,
the types of crops grown, and the land tenure system. The first two bases of selection were chosen
because of their commonalities in the three areas of interest; however, the land tenure system was
chosen because of its variety in the three areas. The findings in Section 5.1 demonstrate that all three
Land 2019, 8, 161 18 of 22
tenure types have common underlying basic principles, therefore, one area of interest was adequate
for the remainder of the work. Nanton was the area of interest chosen for the remainder of the work,
because, with its skin lands, it has the most complex land tenure structure among the three (Figure 3).
This implies that the results of this work can be directly applied in Nanton. In the remaining two
areas of interest the results need to be adjusted according to the complexity of the land tenure system.
The results of this work can be further extrapolated to other areas of Ghana with skin, family, or Tindana
lands. However, this work did not cover stool lands as they have similar land tenure characteristics as
skin lands. Therefore, minimum adjustments would be expected to be made to apply the results on
stool lands.
Furthermore, cases from the Netherlands, Lithuania, and Rwanda are useful for the areas of interest
and Ghana as a whole, especially regarding the evolution of land consolidation approaches overtime
and land management activities in general.
7. Conclusions
This study aimed at developing a responsible approach to land consolidation on customary lands,
using Ghana as a case. The study found that in a comparison between countries with a responsible land
consolidation (Rwanda, Lithuania, and the Netherlands) on one hand and a country with customary
lands but without a land consolidation (Ghana) on the other hand, there were three areas that needed
attention to develop a responsible land consolidation the land administration processes, the land
valuation approach, and the land reallocation approach. The participatory land administration (PLA)
was developed to bring together traditional land administration approaches, deeply rooted in western
views, together with bottom-up emerging approaches that challenge traditional approaches, as well
as technological advances that drive these approaches together with the growing societal needs.
A valuation approach was then developed to enable the comparison of the farmlands in rural areas
that are without land markets. Finally, a land reallocation approach was developed based on the
political, economic and social, as well as technical and legal characteristics of rural customary farmlands.
This study finds that though the land consolidation strategy developed is significantly able to reduce
land fragmentation, both physical and land tenure, the local customs are an obstruction to the technical
processes to achieve the best form of farm structures. However, the consideration of all aspects of the
society and technology being a basic tenet of responsible approaches, the changes to the local customs
is beyond the scope of this study.
A further comparative study can be undertaken on other SSA countries’ rural customary lands
to further understand the differences, in terms of the requirements of land consolidation. In addition,
future work should focus on further developing land valuation and land reallocation approaches by
automating them using Computer Assisted Mass Appraisal (CAMA) systems with GIS, and Spatial
Decision Support Systems (SDSS), respectively. This is because the processes developed in this study
were generalised processes that exist in other regions of the world. The valuation approach was
developed in the rural farming context, it can therefore also be developed further looking at urban land
to put it in a broader context. This will further deepen and enrich the use of market information in the
valuation of urban lands, especially for slum areas for non-market values. Furthermore, as shown
in Section 5.1, customary lands are independently managed in each community, saved for the national
legal framework that tries to harmonise their management. This means that a single land consolidation
approach will not fit the whole country. Further research should therefore be conducted into the
legal framework of Ghana, vis á vis land consolidation in order to develop an integrated, flexible,
and inclusive framework for customary lands towards land consolidation. Further research also needs
to be done in the implementation, through active research in the conduct of a pilot land consolidation
process in the customary areas, to further ascertain the limitations that the approaches have in other
areas. This, in tandem with the scaling up approach by further establishing workflows, will enable the
testing of the approach with a wider coverage.
Land 2019, 8, 161 19 of 22
Author Contributions: K.A. collected and prepared the data for this research article; R.B. and J.Z. contributed
to and supervised the analysis and interpretation of the data. The manuscript was written by K.A., with
contributions from R.B. and J.Z.
Funding: The publication of this article was funded by the Open Access fund of Leibniz Universität Hannover.
Acknowledgments: The authors thank Seth Opuni Asiama and Andre Da Silva Mano for the technical support
offered in parts of this work. The authors also thank the DigitalGlobe Foundation for the satellite photos used
in this study. This paper is part of the PhD Thesis, Asiama, K. O. (2019). Responsible Consolidation of Customary
Lands (PhD Thesis). Retrieved from https://library.itc.utwente.nl/papers_2019/phd/Asiama.pdf.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Pinstrup-Andersen, P. Food security: Definition and measurement. Food Secur. 2009, 1, 5–7. [CrossRef]
2. Bennett, R.; Rockson, G.; Haile, S.A.; Nasr, J.; Groenendijk, L. Land Administration for Food Security.
In Advances in Responsible Land Administration; Zevenbergen, J.A., de Vries, W.T., Bennett, R., Eds.; CRC:
Boca Raton, FL, USA, 2015; pp. 37–52.
3. Van der Molen, P. Food security, land use and land surveyors. Surv. Rev. 2016, 49, 147–152. [CrossRef]
4. FAO. The State of Food Security and Nutrition around the World. 2018. Available online: http://www.fao.
org/state-of-food-security-nutrition/en/ (accessed on 11 October 2018).
5. FAO. Regional Overview of Food Security and Nutrition in Africa 2017; FAO: Rome, Italy, 2017.
6. Panel, M. No Ordinary Matter: Conserving, Restoring, and Enhancing Africa’s Soils; Agriculture for Impact:
Dakar, Senegal, 2014.
7. King, R.; Burton, S. Land Fragmentation: Notes on a Fundamental Rural Spatial Problem. Prog. Geogr. 1982,
6, 475–494. [CrossRef]
8. Van Dijk, T. Dealing with Central European Land Fragmentation: A Critical Assessment on the Use of Western
European Instruments. Ph.D. Thesis, Delft University of Technology, Delft, The Netherlands, 2003.
9. Bentley, J.W. Wouldn’t you like to have all of your land in one place? Land fragmentation in Northwest
Portugal. Hum. Ecol. 1990, 18, 51–79. [CrossRef]
10. Jürgenson, E. Land reform, land fragmentation and perspectives for future land consolidation in Estonia.
Land Use Policy 2016, 57, 34–43. [CrossRef]
11. Bullard, R. Land Consolidation and Rural Development; Ashgate: Chelmsford, UK, 2007.
12. Niroula, G.S.; Thapa, G.B. Impacts and causes of land fragmentation, and lessons learned from land
consolidation in South Asia. Land Use Policy 2005, 22, 358–372. [CrossRef]
13. Abubakari, Z.; van der Molen, P.; Bennett, R.; Kuusaana, E.D. Land consolidation, customary lands,
and Ghana’s Northern Savannah Ecological Zone: An evaluation of the possibilities and pitfalls.
Land Use Policy 2016, 54, 386–398. [CrossRef]
14. Blarel, B.; Hazell, P.; Place, F.; Quiggin, J. The Economics of Farm Fragmentation: Evidence from Ghana and
Rwanda. World Bank Econ. Rev. 1992, 6, 233–254. [CrossRef]
15. Makana, N.E. Peasant Response to Agricultural Innovations: Land Consolidation, Agrarian Diversification
and Technical Change. The Case of Bungoma District in Western Kenya, 1954–1960. Ufahamu J. Afr. Stud.
2009, 35, 1–18.
16. Takane, T. Customary Land Tenure, Inheritance Rules, and Smallholder Farmers in Malawi. J. South. Afr. Stud.
2008, 34, 269–291. [CrossRef]
17. Demetriou, D. The Development of an Integrated Planning and Decision Support System (IPDSS) for Land
Consolidation. Ph.D. Thesis, University of Leeds, Leeds, UK, 2014.
18. Vitikainen, A. An Overview of Land Consolidation in Europe. Nord. J. Surv. Real Estate Res. 2004, 1, 25–44.
19. Binns, B.O. The Consolidation of Fragmented Agricultural Holdings; Food and Agriculture Organization: Rome,
Italy, 1950; p. 11.
20. Burton, S.P.; King, R. Land fragmentation and consolidation in Cyprus: A descriptive evaluation. Agric. Adm.
1982, 11, 183–200. [CrossRef]
21. Van Dijk, T. Scenarios of Central European land fragmentation. Land Use Policy 2003, 20, 149–158. [CrossRef]
22. Netting, R.M. Of men and meadows: Strategies of Alpine land use. Hum. Ecol. 1972, 4, 135–146. [CrossRef]
Land 2019, 8, 161 20 of 22
23. McPherson, M.F. Land Fragmentation: A Selected Literature Review; Harvard University, Harvard Institute
for International Development: Cambridge, MA, USA, 1982; pp. 4–8.
24. Udo, R.K. Disintegration of Nucleated Settlement in Eastern Nigeria. Geogr. Rev. 1965, 55, 53–67. [CrossRef]
25. Hartvigsen, M. Land Reform and Land Consolidation in Central and Eastern Europe after 1989—Experiences
and Perspectives. Ph.D. Thesis, Aalborg University, Aarlborg, Denmark, 2015.
26. Asiama, K.O.; Bennett, R.; Zevenbergen, J.A. Land Consolidation for Sub-Saharan Africa’s Customary
Lands—The Need for Responsible Approaches. Am. J. Rural Dev. 2017, 5, 39–45.
27. Eastwood, R.; Lipton, M.; Newell, A. Farm Size. In Agricultural Economics; Pingali, P., Evenson, R.E., Eds.;
Elsevier: Burlington, NJ, USA, 2010; pp. 3324–3394.
28. Headey, D.; Jayne, T.S. Adaptation to land constraints: Is Africa different? Food Policy 2014, 48, 18–33.
[CrossRef]
29. Pingali, P.; Bigot, Y.; Binswanger, H.P. Agricultural Mechnization and the Evolution of Farming Systems
in Sub-Saharn Africa; The Johns Hopkins University: Baltimore, MD, USA; London, UK, 1987.
30. Baudron, F.; Sims, B.; Justice, S.; Kahan, D.G.; Rose, R.; Mkomwa, S.; Kaumbutho, P.; Sariah, J.; Nazare, R.;
Moges, G.; et al. Re-examining appropriate mechanization in Eastern and Southern Africa: Two-wheel
tractors, conservation agriculture, and private sector involvement. Food Secur. 2015, 7, 889–904. [CrossRef]
31. Binswanger, H.P.; Pingali, P. Technological priorities for farming in Sub-Saharan Africa. J. Int. Dev. 1989, 1,
46–65. [CrossRef]
32. Houmy, K.; Clarke, L.J.; Ashburner, J.E.; Kienzle, J. Agricultural Mechanization in Sub-Saharan Africa;
FAO: Rome, Italy, 2013.
33. Nothale, D.W. Land Tenure Systems and Agricultural Production in Malawi. In Land Policy and Agriculture
in Eastern and Southern Africa; Arntzen, J.W., Ngcongco, L.D., Turner, S.D., Eds.; United Nations University:
Tokyo, Japan, 1986.
34. Thurston, A.F. Smallholder Agriculture in Colonial Kenya: The Official Mind and the Swynnerton Plan;
African Studies Centre: Cambridge, UK, 1987.
35. Asiama, K.O.; Bennett, R.M.; Zevenbergen, J.A. Land consolidation on Ghana’s rural customary lands:
Drawing from The Dutch, Lithuanian and Rwandan experiences. J. Rural Stud. 2017, 56, 87–99. [CrossRef]
36. Van Gils, H.; Siegl, G.; Bennett, R. The living commons of West Tyrol, Austria: Lessons for land policy and
land administration. Land Use Policy 2014, 38, 16–25. [CrossRef]
37. Arko-Adjei, A. Adapting Land Administration to the Institutional Framework of Customary Tenure.
Ph.D. Thesis, Delft University of Technology, Delft, The Netherlands, 2011.
38. Kalabamu, F.T. Divergent paths: Customary land tenure changes in Greater Gaborone, Botswana. Habitat Int.
2014, 44, 474–481. [CrossRef]
39. Asiama, S.O. Current Changes in Customary/Traditional Land Delivery Systems in Sub-Saharan African
Cities—Ghana. In Housing the Poor through African Neo-Customary Land Delivery Systems; Mattingly, M.,
Durand-Lasserve, A., Eds.; DFID: London, UK, 2004; pp. 41–57.
40. Migot-Adholla, S.E.; Hazell, P.; Blarel, B.; Place, F. Indigenous land rights systems in sub-Saharan Africa:
A constraint on productivity? World Bank Econ. Rev. 1991, 5, 155–175. [CrossRef]
41. Quiggin, J. Common property in agricultural production. J. Econ. Behav. Organ. 1995, 26, 179–200. [CrossRef]
42. Ollennu, N.A. Principles of Customary Land Law in Ghana; Sweet and Maxwell: London, UK, 1962.
43. Fenoaltea, S. Risk, transaction costs, and the organization of medieval agriculture. Explor. Econ. Hist. 1976,
13, 129–151. [CrossRef]
44. Ohene-Yankyera, K. Determinants of Farm Size in Land-Abundant Agrarian Communities of Northern
Ghana. J. Sci. Technol. 2004, 24, 45–53. [CrossRef]
45. Pingali, P. Agricultural Mechanization: Adoption Patterns and Economic Impact. In Handbook of Agricultural
Economics, 1st ed.; Evenson, R., Pingali, P., Eds.; Elsevier: Amsterdam, The Netherlands, 2007; Volume 3,
pp. 2779–2805.
46. Abunyewa, A.; Osei, C.; Asiedu, E.; Safo, E. Integrated Manure and Fertilizer Use, Maize Production and
Sustainable Soil Fertility in Sub Humid Zone of West Africa. J. Agron. 2007, 6, 302–309.
47. Kuusaana, E.D.; Bukari, K.N. Land conflicts between smallholders and Fulani pastoralists in Ghana: Evidence
from the Asante Akim North District (AAND). J. Rural Stud. 2015, 42, 52–62. [CrossRef]
48. Heisey, P.W.; Mwangi, W. Fertilizer Use and Maize Production in Sub-Saharan Africa; Mexico, D.F., Ed.; CIMMYT:
Mexico City, Mexico, 1996; pp. 96–101.
Land 2019, 8, 161 21 of 22
49. Shuai, Y.; Chao-Fu, W.; Xin-Yue, Y.; You-Jin, L. The Ecological Compensation of Land Consolidation and Its
Evaluation in Hilly Area of Southwest China. Energy Procedia 2011, 5, 1192–1199. [CrossRef]
50. Coldham, S. The Effect of Registration of Title Upon Customary Land Rights in Kenya. J. Afr. Law 1978, 22,
91–111. [CrossRef]
51. Taylor, D.R.F. Changing Land Tenure and Settlement Patterns in the Fort Hall District of Kenya. Land Econ.
1964, 40, 234–237. [CrossRef]
52. Swynnerton, R.J.M. The Swynnerton Report: A Plan to Intensify the Development of African Agriculture in Kenya;
Government Press: Nairobi, Kenya, 1955.
53. Abubakari, Z. Investigating the Feasibility of Land Consolidation in the Customary Areas of Ghana.
Master’s Thesis, University of Twente, Enschede, The Netherlands, 2015.
54. GoR. Organic Law Determining the Use and Management of Land in Rwanda; UrbanLex: Zaragoza, Spain, 2005.
55. Muhinda, J.J.M.; Dusengemungu, L. Farm Land Use Consolidation—A Home Grown Solution for Food Security
in Rwanda; Rwanda Agricultural Board, Ministry of Agriculture and Animal Husbandry: Kigali, Rwanda, 2013.
56. USAID. Literature Review for Land Use Consolidation and Crop Intensification in Rwanda; USAID: Kigali,
Rwanda, 2013.
57. Musahara, H.; Nyamulinda, B.; Bizimana, C.; Niyonzima, T. Land Use Consolidation and Poverty Reduction
in Rwanda. In Proceedings of the 2014 World Bank Conference on Land and Poverty, Washington, DC, USA,
24–27 March 2014.
58. Mingers, J. Combining IS Research Methods: Towards a Pluralist Methodology. Inf. Syst. Res. 2001, 12,
240–259. [CrossRef]
59. Van Dijk, T. Export of Planning Knowledge Needs Comparative Analysis: The Case of Applying Western
Land Consolidation Experience in Central Europe. Eur. Plan. Stud. 2002, 10, 911–922. [CrossRef]
60. Almirall, E.; Wareham, J. Living Labs: Arbiters of mid- and ground-level innovation. Technol. Anal. Strateg. Manag.
2011, 23, 87–102. [CrossRef]
61. Liedtke, C.; Welfens, M.J.; Rohn, H.; Nordmann, J. LIVING LAB: User-driven innovation for sustainability.
Int. J. Sustain. High. Educ. 2012, 13, 106–118. [CrossRef]
62. Pallot, M.; Trousse, B.; Senach, B.; Schaffers, H. Future internet and living lab research domain landscapes:
Filling the gap between technology push and application pull in the context of smart cities. In Proceedings
of the eChallenges e-2011 Conference Proceedings, IIMC International Information Management Corporation,
Florence, Italy, 26–28 October 2011.
63. Byamugisha, F.F.K.; Burns, T.; Evtimov, V.; Santana, S.; Zulsdorf, G. Appraising Investments and Technologies
for Surveying and Mapping for Land Administration in Sub-Saharan Africa; World Bank: Washington, DC, USA, 2012.
64. Cotula, L.; Chauveau, J.-P.; Cissé, S.; Colin, J.-P. Changes in Customary Land Tenure Systems in Africa; FAO and
IIED: Rome, Italy, 2007.
65. Knight, R.S. Statutory Recognition of Customary Land Rights in Africa; FAO: Rome, Italy, 2010.
66. Benin, S.; Nin-Pratt, A. Intertemporal Trends in Agricultural Productivity. In Agricultural Productivity in Africa:
Trends, Patterns, and Determinants; Benin, S., Ed.; International Food Policy Research Institute: Washington,
DC, USA, 2016.
67. MoFA-SRID. Agriculture in Ghana—Facts and Figures 2015; Ministry of Food and Agriculture: Accra, Ghana, 2016.
68. Kasanga, K.R.; Kotey, N.A. Land Management in Ghana: Building on Tradition and Modernity; International
Institute for Environment and Development: London, UK, 2001.
69. Chimhowu, A.; Woodhouse, P. Customary vs. Private Property Rights? Dynamics and Trajectories
of Vernacular Land Markets in Sub-Saharan Africa. J. Agrar. Chang. 2006, 6, 346–371. [CrossRef]
70. Woodman, G.R. Land title registration without prejudice: The Ghana land title registration law, 1986.
J. Afr. law 1987, 31, 119–135. [CrossRef]
71. Kalabamu, F.T. Land tenure and management reforms in East and Southern Africa—The case of Botswana.
Land Use Policy 2000, 17, 305–319. [CrossRef]
72. Asiama, K.O.; Bennett, R.M.; Zevenbergen, J.A. Participatory Land Administration on Customary Lands:
A Practical VGI Experiment in Nanton, Ghana. ISPRS Int. J. Geo-Inf. 2017, 6, 186. [CrossRef]
73. Asiama, K.O.; Bennett, R.M.; Zevenbergen, J.A.; Asiama, S.O. Land valuation in support of responsible land
consolidation on Ghana’s rural customary lands. Surv. Rev. 2018, 50, 288–300. [CrossRef]
74. Asiama, K.O.; Bennett, R.; Zevenbergen, J.; Da Silva Mano, A. Responsible consolidation of customary lands:
A framework for land reallocation. Land Use Policy 2019, 83, 412–423. [CrossRef]
Land 2019, 8, 161 22 of 22
75. Masser, I.; Williams, R. Learning from Other Countries; Geo Books: Norwich, UK, 1986.
76. Enemark, S. Understanding the Land Management Paradigm. In Innovative Technologies for Land Administration;
FIG: Madison, WI, USA, 2005.
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
